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(57) ABSTRACT 

An apparatus for providing continuity of operation in System 
which performs a process having CPU, input/output, main 
memory and power supply by restoring the system state to 
the point when the power supply was last turned off or an 
even earlier time is provided. The apparatus includes a save 
process start detector for detecting a demand for power 
supply turn-off. A system state saver outputs information 
indicative of the system state to an external storage in 
response to an instruction from the save process start detec 
tor, Apost save processor turns the power supply off after the 
information indicative of the system state has been com 
pletely output to the external storage by the system state 
saver. A restore process starter is activated upon start up of 
the system after turning on of the power supply. A system 
state restorer reads the information indicative of the system 
state, that has been recorded in the external storage by the 
system state saver in response to instructions from the 
restore processor starter and then sets the information in a 
predetermined area to restore the system state to that which 
existed when the power supply was turned off. After the 
system state has been restored by the system state restorer a 
post restore processor continues the control of a process 
from the step being operated when the process was sus 
pended by the save process start detector. 

5 Claims, 10 Drawing Sheets 
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APPARATUS FOR PROVIDING CONTINUITY 
OF OPERATION IN A COMPUTER 

This is a continuation of U.S. patent application Ser. No. 
07/978,296 filed Nov. 17, 1992, now U.S. Pat. No. 5,379, 
435, which is a continuation of U.S. patent application Ser. 
No. 07/403,639 filed on Sep. 6, 1989, now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus for provid 
ing continuity of operation in a computer, and in particular 
to providing continuity of operation in a small-sized con 
puter by utilizing an external storage element. 

Continuity for personal computers as used herein consti 
tutes the turning on and off of a personal computer power 
Supply such that when the power supply is again turned on, 
the system state is restored to the condition existing when 
the power supply was last turned off. Thus, permitting the 
continuation of processing being executed prior to the 
turning off of the power supply. The need for continuation 
has increased with the advent of small-sized, battery driven 
computers. These portable computers can be used irrespec 
tive of places and times for operation. For example, they 
may be utilized while waiting for trains or airplanes or 
during free time before the start of meetings. Often, it is 
difficult to complete all of the required processing proce 
dures in such a limited time period. Accordingly, it often 
becomes necessary to shut down the computer in the middle 
of an operation. On these occasions, portable computers 
would become more convenient to use if the suspended 
processing can be continued later at any time after turning 
off the computer power supply. 

Small-sized computers are generally powered by a 
rechargeable battery source. Therefore, if the battery voltage 
becomes too low (hereinafter referred to as “low battery”) 
during periods of use or when a power switch is left turned 
on due to inadvertence of the user, the current computer 
processing should be suspended during a low voltage situ 
ation and then resumed later after recharging. In a worst 
case, if computer processing is not suspended then all of the 
data would be lost during the power supply cut-off. Also in 
such cases, it would be advantageous to turn off the power 
Supply in a current saving state, and then resume the 
suspended processing once the low battery state has been 
remedied. 

As seen above, computing continuity is crucial for con 
venient use of portable computers. Realization of continuity 
absolutely requires that the system state at the point when 
the power supply was last turned off be maintained. The 
system state includes the contents of a main memory, the 
setting conditions of input/output (herein after "I/O”) ports, 
the state of the central processing unit (hereinafter “CPU”) 
and the like. The setting conditions or status of the I/O ports 
in turn specify the computer hardware conditions at the time 
of turn-off of the power supply. The hardware conditions can 
be stored as information in the main memory and therefore, 
can be considered as retention of data in the main memory. 

With conventional computers retention of data in the main 
memory has been realized by providing a power supply 
backup for the main memory. Specifically, the memory 
means includes a static RAM (hereinafter “SRAM") and 
power is continuously supplied to the main memory even 
after the power supply has been turned off to retain the 
content of the SRAM. If the memory means includes a 
dynamic RAM (hereinafter "DRAM”), power is supplied to 
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2 
periodically refresh the main memory even after the power 
supply has been turned off. 
The conventional small computers have been satisfactory. 

However, those continuity structures suffer from the disad 
Vantage that the system cost increases due to the increased 
complexity of the backup power supply circuit configuration 
as well as the specialized design of devices employed. 

Additionally, because even the backup power source 
requires batteries the data cannot be preserved over a long 
time period withoutrecharging the batteries. Thus the result 
ing system is expensive, and does not accomplish continuity 
over a long time period. 

Accordingly, it is desired to provide an apparatus for 
providing continuity of operation in a computer which 
overcomes the disadvantages of the prior art device 
described by providing an external recording structure inde 
pendent of the computer power source. 

SUMMARY OF THE INVENTION 

Generally speaking, in accordance with the present inven 
tion, an apparatus for providing continuity of operation in a 
computer is provided. The apparatus is used in conjunction 
with a computer having a main memory and input/output 
port, CPU and power supply and includes a process start 
detector for detecting a demand by the user or by the 
computer itself to turn off the power supply. A system state 
saver in response to instructions from the process start 
detector receives the data from the main memory, as well as 
the I/O status and CPU status corresponding to the ongoing 
operation of the computer. Storage is provided external to 
the computer for receiving the main memory data, I/O status 
and CPU status from the system data saver. A post save 
processor turns off the power supply once the information 
has been transferred from the system state saver to the 
external power source. A restored process starter detects a 
return of power from the computer power supply and 
provides an indication to a system start restorer which 
retrieves the information stored in the external storage once 
the power supply has been turned on and outputs the data to 
restore the main memory data, I/O status and CPU status to 
that occurring just prior to turning off of the power supply. 
Apost restore processor then controls the programming once 
the condition of the computer has been restored to its 
previous state to provide continuity of processing. 

Accordingly, it is an object of this invention to provide 
improved apparatus for providing continuity within a small 
sized computer. 

Another object of the present invention is to provide a 
continuity method and apparatus which is less expensive 
while improving reliability. 
A further object of the invention is to provide a more 

universal continuity device which can restore not only the 
state as established when a power supply was last turned off, 
but can also restore the system to a state which existed at an 
even earlier time. 

Yet another object of the present invention to provide an 
inexpensive and reliable continuity method and apparatus 
allowing the system to operate in a continuous manner by 
recording the system state, at a time when the power supply 
is turned off or at a time instructed by the user, in an external 
memory, and then restore the earlier recorded state upon 
turning on the power supply or an instruction from the user. 

Still other objects and advantages of the invention will in 
part be obvious and will in part be apparent from the 
specification and drawings. 
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The invention accordingly comprises the several steps and 
the relation of one or more of such steps with respect to each 
of the others, and the apparatus embodying the features of 
construction, combination of elements, and arrangement of 
parts which are adapted to effect such steps, all as exempli 
fied in the following detailed disclosure, and the scope of the 
invention will be indicated in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the invention, reference is 
had to the following description taken in connection with the 
accompanying drawings, in which: 

FIG. 1 is a block diagram of an apparatus for providing 
continuity of operation in a computer constructed in accor 
dance with the present invention; 

FIG. 2 is a block diagram of a save process start detector 
constructed in accordance with the invention; 

FIG. 3 is a block diagram of a save process start detector 
constructed in accordance with a second embodiment of the 
invention; 

FIG. 4 is a block diagram of a save process start detector 
constructed in accordance with a third embodiment of the 
invention; 

FIG. 5 is a block diagram of a save process start detector 
constructed in accordance with a fourth embodiment of the 
invention; 

FIG. 6a is a block diagram of a keyboard status byte; 
FIG. 6b is a block diagram of a keyboard buffer con 

structed in accordance with the invention; 
FIG. 7 is a block diagram of a system state saver con 

structed in accordance with the invention; 
FIG. 8 is a block diagram of a system state saver con 

structed in accordance with a fifth embodiment of the 
invention; 

FIG. 9 is a block diagram of a system state saver con 
structed in accordance with a sixth embodiment of the 
invention; 

FIG. 10 is a block diagram of a post-save processor 
constructed in accordance with the invention; 

FIG. 11 is a block diagram of a post-save processor 
constructed in accordance with a seventh embodiment of the 
invention; 

FIG. 12 is a block diagram of a restore process starter 
constructed in accordance with the invention; 

FIG. 13 is a block diagram of a restore process starter 
constructed in accordance with an eighth embodiment of the 
invention; 

FIG. 14 is a block diagram of a system state restorer 
constructed in accordance with the invention; 

FIG. 15 is a block diagram of a system state restorer 
constructed in accordance with a ninth embodiment of the 
invention; 

FIG. 16 is a block diagram of a system state restorer 
constructed in accordance with a tenth embodiment of the 
invention, 

FIG. 17 is a block diagram of a post restore processor 
constructed in accordance with the invention; 

FIG. 18 is a block diagram of a post-restore processor 
constructed in accordance with an eleventh embodiment of 
the invention; 

FIG. 19 is a block diagram of an apparatus for providing 
continuity of operation in a computer constructed in accor 
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4 
dance with another embodiment of the present invention; 
and 

FIG. 20 is a block diagram of an apparatus for providing 
continuity of operation in a computer constructed in accor 
dance with still another embodiment of the present inven 
tion. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Reference is first made to FIG. 1 in which a block diagram 
of an apparatus for providing continuity in operation of a 
computer constructed in accordance with the invention is 
provided. The apparatus includes a save process start detec 
tor 11 which manages and determines the timing at which 
the computer or system state is to be saved. The save process 
is triggered by either a turn-off of a power switch, the 
occurrence of the low battery state, an instruction from the 
system user, or the like. Once the determination to save the 
system status is made a system state saver 12 outputs the 
system state at the time indicated by save process start 
detector 11 to an external memory that will not lose the 
stored contents even if the system power is cut off. 
Once the system status has been saved, a post-save 

processor 13 performs the processing required after the 
system state has been saved. Post save processor 13 may 
turn off of the power supply, continue processing, initial 
ization, or the like. Generally post save processor 13 turns 
off the power supply. 
When the system is reactivated or upon an instruction 

from the system user a restore process starter 14 is activated. 
Restore process starter 14 in turn activates a system state 
restorer 15. System state restorer 15 reads out the system 
state stored earlier in the external storage by system state 
saver 12. System state restorer 15 then restores the system 
to the earlier condition in accordance with the read out data. 
A post-restore processor 16 restarts the previously inter 
rupted process in the restored system state. Accordingly, it 
becomes possible for a user to interrupt the process. 

Each element employed in the apparatus can be imple 
mented within some variation. Accordingly, each element 
will first be described with reference to preferred embodi 
ments thereof, followed by an entire apparatus for providing 
continuity of operation in a computer constructed by the 
combination of the elements. 

Reference is now made to FIG. 2 in which a first embodi 
ment of a process start detector, generally indicated as 11a 
constructed in accordance with the invention is provided. 
Process start detector 11a includes a power switch 21. A 
power switch state detector 22 is coupled to power switch 21 
and detects the state of power switch 21 and provides an 
input to interruption controller 23. A power off detection 
program 24 is activated by interruption controller 23. 

In operation, when power switch 21 is turned off by the 
user, power switch state detector 22 detects the turning off 
of power switch 21. Power switch state detector 22 then 
issues a signal to interruption controller 23 requesting an 
interruption in response to the cut-off of the power. Upon 
receiving the signal from power switch state detector 22, 
interruption controller 23 causes an interruption during an 
interruptible state indicating cut-off of the power. Specifi 
cally, a power-off detection processing program 24 is acti 
vated in response to the interruption causing software to 
detect the turning off of power switch 21. Power off detec 
tion processing program 24 then carries out the necessary 
processing and activates system state saver 12. An example 
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of such a power off detection processing program is known 
from U.S. Pat. Nos. 4,672,573 and 4,646,307. 

Reference is now made to FIG. 3 in which a process start 
detector, generally indicated as 11b, constructed in accor 
dance with a second embodiment of the invention is pro 
vided. Process start detector 11b includes a power switch 31 
and a switch state port 32 coupled to power switch 31. A 
system timer 33 provides an input at predetermined intervals 
to an interruption controller34. Interruption controller 34 in 
turn activates a timer routine 35 which provides an output to 
activate power off detection processing program 36. Power 
off detection processing program 36 also reads the status of 
switch state port 32 to determine what type of output to 
provide. 
When power switch 31 is turned off by the user, switch 

state port 32 coupled to power switch 31 reads the state of 
power switch 31 utilizing a program and indicates that 
power switch 31 is turned off. Simultaneously, system timer 
33 sends an interruption request signal to interruption con 
troller 34 at predetermined intervals. Interruption controller 
34 causes a timer interruption during an interruptible state. 
In response to the interruption request of interruption con 
troller 34, timer routine 35 is activated-to carry out the 
necessary processing such as updating of a counter, followed 
by calling power off detection processing program 36. 
Power off detection processing program 36 reads the status 
of switch state port 32 and activates system state saver 12 if 
the power switch 31 is turned off. If the status of switch state 
port 32 indicates that power switch 31 is turned on, power 
off detection processing program 36 returns the control back 
to time routine 35 to terminate the timer interruption pro 
cessing. 

While the save process start detector 11a is activated by 
the interruption caused upon cut off of the power, save 
process start detector 11b detects cut off of the power in any 
period of the predetermined timer interruption intervals. 

Reference is now made to FIG. 4 in which a process start 
detector, generally indicated as 11c, constructed in accor 
dance with a fourth embodiment of the invention is pro 
vided. Process start detector 11c includes a power switch 41 
coupled to a switch state port 42. Switch state port 42 
provides a status output to a power off detection processing 
program 48. A keyboard 43 is provided for a user to provide 
an input to a keyboard data receiving unit 44. An interrup 
tion controller 45 receives an input from keyboard data 
receiving unit 44 and provides an output to keyboard inter 
ruption routine 46 which also receives an input from key 
board data receiving unit 44 and provides an output to a 
keyboard data buffer 49. Keyboard data buffer 49 provides 
an output to keyboard data reading routine 47 which in turn 
provides an output to power detection processing program 
48. 

When power switch 41 is turned off by the user, switch 
state port 42, connected to power switch 41 reads the on/off 
status of power switch 41 utilizing a program. Switch state 
port 42 indicates a turned off status. 
When any key of keyboard 43 is depressed, keyboard data 

indicating the key being depressed is sent from keyboard 43 
to the keyboard data receiving unit 44 which in turn sends 
a keyboard data receiving interruption request signal to 
interruption controller 45. Interruption controller 45 outputs 
a keyboard input interruption which activates keyboard 
interruption routine 46, so that the keyboard data is read out 
of keyboard data receiving unit 44 and loaded into keyboard 
data buffer 49. The keyboard data loaded in keyboard data 
buffer 49 is read out by keyboard data reading routine 47 
upon a request from a user program. 
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6 
If the keyboard data is present in keyboard data buffer 49 

keyboard data reading routine 47 reads out the keyboard 
data and returns it to the user program. If the keyboard data 
is not present in keyboard data buffer 49, i.e., in the absence 
of any key input keyboard data reading routine 47 either 
informs the user program of the absence of a key input, or 
the keyboard data reading routine 47 waits for a key input to 
be applied and the keyboard data to be entered into keyboard 
data buffer 49. Whether to return to the null state or wait for 
entry of the keyboard data is determined by the function of 
keyboard data reading routine 47 or instructions from the 
user program. Keyboard data reading routine 47 calls power 
off detection processing program 48 which reads power 
switch state port 42 after reading the keyboard data, imme 
diately before providing an indication of the vacancy of the 
keyboard data buffer 49 (i.e., no key input) to the user 
program, or during the wait for the next keyboard data to be 
loaded into the keyboard data buffer 49. If power switch 41 
is turned off, keyboard data reading routine 47 then activates 
system state saver 12. 

While save process start detector 11b detects cut off of the 
power with the timer interruption prepared in the system, 
save process start detector 11c detects cut off of the power 
in the keyboard data reading program most frequently called 
by the user program. 

Reference is now made of FIG. 5 in which a save process 
start detector, generally indicated as 11d, constructed in 
accordance with a fourth embodiment of the invention is 
provided. Process start detector 11b includes a keyboard 51. 
which provides an output to keyboard data receiving unit 52. 
Keyboard data receiving unit 52 provides an output to an 
interruption controller 53. A keyboard interruption routine 
receives an interruption output from interruption controller 
53 and an input from keyboard data receiving unit 52. 
Keyboard interruption routine 54 provides an output a 
keyboard data buffer 56 and to a save start command 
detection processing program 55. Save start command 
detection processing program 55 also receives an output 
from keyboard data buffer 56. 
When any key on keyboard 51 is depressed, the keyboard 

data indicating the depressed key is output from keyboard 51 
to keyboard data receiving unit 52. Keyboard data receiving 
unit 52 sends a keyboard data receiving interruption request 
signal to interruption controller 53. Interruption controller 
53 outputs a keyboard input interruption which activates 
keyboard interrupt routine 54, so that the keyboard data is 
read from keyboard data receiving unit 52 and loaded into 
the keyboard data buffer 56. Keyboard interrupt routine 54 
calls save start command detection processing program 55. 
Save start command detection processing program 55 moni 
tors keyboard data buffer 56 or other information about the 
keyboard, such as keyboard status, and calls system state 
saver 12 when the specified state is found. 

Reference is now made to FIGS. 6a and 6b illustrating 
how save start command detection processing program 55 
detects the specified state. When during keyboard interrup 
tion routine 54, a character such as 'A' for example, is 
depressed on the keyboard and received as input data, the 
received character data is loaded into a keyboard buffer 64. 
The location of the input character within keyboard buffer 64 
is indicated as the most recently input character by a buffer 
top pointer 65. If the next received data indicates a shift key 
being depressed (turned on), this data is not loaded into the 
keyboard buffer 64; and a first bit of keyboard status byte 61 
is a shift key status bit 62 having a value of 1. Upon 
receiving data indicating that the shift key has been released, 
the shift key status bit 62 is set to 0. Thus, the shift key status 
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bit 62 becomes 1 while the shift key is being depressed, but 
0 when it is released. Likewise, the state of a control key is 
indicated by the control key status bit 63. 
Assuming that the instruction provided from the user to 

start the save processing is given by depressing the shift key 
and control key simultaneously and further depressing the 
character 'A', the save start command detection processing 
program.55 checks whether the shift key status bit 62 and the 
control key status bit 63 are both set to 1 (turned on), as well 
as whether the data within the keyboard buffer 64 indicated 
by the buffer top pointer 65 is "A". If the above three 
conditions are all satisfied, system state saver 12 is called by 
save start command detection processing program 55. 
As will be apparent from the foregoing embodiments, 

while save process start detectors 11a, 11b and 11c detect 
turn off of the power switch, save process start detector 11d 
detects the instructions input by the user from the keyboard. 

Save process start detectors 11a, 11b and 11c may be 
modified by replacing power switches 21, 31 and 41 with 
system voltage detection command switches which electri 
cally detect a decrease of the voltage when the system 
voltage is lowered below a certain reference value. These 
switches operate in a manner similar to power switches 21, 
31, 41 so that system state saver 12 can be activated once 
low battery state has occurred. The system voltage detection 
command switches are implemented in consideration of 
battery cell characteristics, the system state, time dependent 
decreasing variation of the system and other factors, and 
detect such a state using the save process start detector when 
the battery drive system charge capacity of the system 
becomes lower before shutdown of the system. 
The system state information includes the contents of a 

main memory, I/O status relating to the setting of I/O ports 
and devices in the system, the CPU state, and the like. The 
I/O status merely requires that it be explicitly stated in terms 
of the setting configurations and values. Any method using 
the information about the I/O ports and the devices may be 
utilized. In terms of information, however, the I/O status can 
be handled in a manner similar to the handling of the 
information representing the state of the main memory and 
CPU. In the following embodiments of the system state 
saver, there will be described a method of outputting this 
information into an external storage. 

Reference is now made to FIG. 7 in which a system state 
saver, generally indicated as 12a, constructed in accordance 
with the invention is provided. A system saving program 71 
operates on inputs such as I/O status 76, a CPU status 75 
from a main memory 74. System savings program 71 
provides an information output to a hard disk drive 72. A 
system state storage 73 is provided within hard disk drive 
72. 

The contents of main memory 74, CPU status 75 and I/O 
status 76 are input to system saving program 71. When 
system saving program 71 is activated, system saving pro 
gram 71, outputs the content of main memory 74, the CPU 
status 75 and the I/O status 76 into system state store region 
73 within hard disk drive 72. Hard disk drive 72 is an 
external storage. After completion of that outputting task, 
the control initiative is transferred to post-save processor 13. 
The content of the main memory 74 which is to be 

transferred need only consist of information sufficient for 
realizing the system continuity. In general, the memory 
information that is not managed by the continuity method 
and mechanism needs to be separately saved in the state as 
established prior to activation of save process start detector 
12. 
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8 
CPU status 75 is transferred to system state restorer 15, 

enabling system state restorer 15 to restore the CPU state at 
the time of last power switch turn off, of an earlier power 
switch turn off, or at a time instructed by the user. This 
information is utilized when the power switch is to be a 
reactivated or when the user provides an instruction. Gen 
erally, CPU status 75 is stored in a stack of main memory 74, 
and hence saved at the same time as the contents of main 
memory 74. The information is separately saved in a special 
register or the like within the CPU. 

I/O status 76 transfers information about I/O ports and 
devices, which enables resetting of the I/O ports and devices 
to the state which existed immediately before activation of 
save process start detector 11. This information is utilized 
when the power switch is next reactivated, or when the 
system state is restored through an instruction from the user. 
Those parts among the I/O information which remain 
unchanged irrespective of the state of the power switch are 
not required to be saved. 

System state store region 73 within hard disk drive 72 has 
a capacity reserved at the time of logical formatting. Only 
enough capacity to store additional information necessary 
for completely saving the content of main memory 74, CPU 
status 75 and I/O status 76 under control is reserved, 
separating system state store region 73 from the region for 
storing the disk operating system (hereinafter "DOS") as 
well as programs and data utilized under DOS. Thus, system 
state store region 73 is fixedly maintained within hard disk 
drive 72 to be read by system state restorer 15 means to 
restore the system state. 

Reference is now made to FIG. 8 in which a system state 
saver, generally indicated as 12b, constructed in accordance 
with a second embodiment of the invention is provided. 
System state saver 12b is similar to system state saver 12a, 
the primary difference being the substitution of a restore file 
83 for store region 73. A system saving program 81 receives 
inputs from main memory 84, the CPU status 85 and the I/O 
status 86. System saving program 81 then provides an 
information input to a hard disk drive 82 which includes a 
system state restore file 83. 
When system saving program 81 is activated, it outputs 

the contents of main memory 84, CPU status 85 and I/O 
status 86, in the form of a single file, to hard disk drive 82. 
This file is system state store file 83. Hard disk drive 82 is 
an external storage. While main memory 84, CPU status 85 
and I/O status 86 are the same as those described in 
Connection with the system state saver 12a, system state 
saver 12b utilizes system state store file 83 instead of system 
state store region 73 to store this information. 

Storing the system state in the form of a file can increase 
the number of states logically stored. This makes it possible 
to restore the system not only to the state at the time of last 
power switch turn off or at the time instructed by the user, 
but also the system state at the time of an even earlier power 
switch turn off or at any time instructed by the user. 
Handling the information in the form of a file also permits 
ready deletion or correction of the information. Because of 
the probability of change in the content of the external 
storage, when restoring the system to a state previous to the 
last power switch turn off it is required that system state 
restorer 15 execute the processing without leaving any 
contradictions. 

Reference is now made to FIG. 9 in which a system state 
Saver, generally indicated as 12c, constructed in accordance 
with a third embodiment of the invention is provided. 
System state saver 12c is similar to system state saver 12a, 
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the primary difference being the substitution of a floppy 
diskette for a hard disk drive. System state saver 12c 
includes a system saving program 91 which receives as input 
the contents of main memory 94, the CPU status 95 and the 
I/O status 96. System saving program 91 outputs informa- 5 
tion to be stored in a system state storage 93 contained 
within a floppy diskette 92. 

In system state saver 12c hard disk drive 72 of system 
state saver 12a is replaced with floppy diskette 92. Infor 
mation such as the contents of main memory 94, CPU status 10 
95 and I/O status 96 is saved in a manner identical to system 
state saver 12a. 
While hard disk drive 72 is fixed to the computer body, the 

floppy diskette 92 is removable from the computer body and 
can be replaced as a recording medium. Although system 15 
state store region 93 is fixed in one floppy diskette, multiple 
system states can be recorded and retained using a plurality 
of floppy diskettes. In this respect, the similar considerations 
as to system state saver 12b should be paid to system state 
saver 12c. 

Reference is now made to FIG. 10 in which a post-save 
processor, generally indicated as 13a, constructed in accor 
dance with the invention is provided. A power supply 101 is 
controlled by an electric power switch 102. A power off 
program 103 operates electric power switch 102. 25 
Power supply unit 101 supplies power to the system. 

Electrical power switch 102 is connected to power supply 
unit 101 and is capable of disconnecting power supply unit 
101 in accordance with software instructions. Power off 
program 103 provides the software. Upon power off pro 
gram 103 turning off the electric power switch 102, power 
supply unit 101 is disconnected and the supply of power to 
the system is stopped, cutting off the system's power. Thus, 
post-save processor 13a permits cutting off the power supply 
to the system using software. 

Reference is now made to FIG. 11 in which a post-save 
processor, generally indicated as 13b, constructed in accor 
dance with the invention is provided. Post-save processor 
13b includes a processing select program 111 which causes 
a processing determining program 112 to select one of a 
continuation program 113, a system initialization program 
114 or a power off program 115. A power supply unit 116 is 
coupled to an electric power switch 117. Electric power 
switch 117 is controlled by power off program 115. 

Post-save processor 13b enables execution of the process 
ing selected upon an instruction from the user, after the 
system state has been saved in the external storage. Post 
save processor 13b provides three choices to the system user 
as to the type of processing to be selected. Processing select 50 
program 111 displays for the user the types of processing 
which may be executed after the system state has been 
saved, and prompts the user to select any one of the choices 
for instructing the system as to which type of processing is 
to be executed. If the instruction from the user is appropriate, 55 
processing determination program 112 executes the selected 
processing program. In an exemplary embodiment three 
choices of processing are utilized: 1) continue the same 
previous processing after it has been saved; 2) initialize the 
system and raise it from the beginning; and 3) cut off the 60 
power. Depending on which of the three choices are 
selected, continuation program 113, system initialization 
program 114 or power off program 115 is executed. 

Continuation program 113 allows continuation of the 
processing which was being executed before activation of 65 
save process start detector 11. In this case, it is required to 
eliminate the cause with which the save process start detect 
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10 
ing means was activated, or to prevent the save process start 
detecting means from being immediately operated again. 

System initialization program 114 initializes the system. 
In practice, the control is advanced to a previously prepared 
initialization routine. 

Power off program 115 cuts off the power for the system 
in a manner similar to post-save processor 13a. 
Once the system has been turned off, a time will arise 

when it is desired that processing continue. At that time, the 
system will be reactivated. Restore process starter 14 
executes restoring of the system state upon the powering on 
of the system or upon instruction from the user. 

Reference is now made to FIG. 12 in which a restore 
processor starter, generally indicated as 14a constructed in 
accordance with the invention is provided. A power on 
processing program 121 operates upon receipt of a power on 
indication and provides an output to a bootstrap loader 122. 
A process start determination program 123 receives an input 
from bootstrap loader 122 and determines whether to restore 
the system to the condition prior to power cut off or to 
perform processing in accordance with instructions by user. 
When the system power is turned on, the power on 

processing program 121 starts operating to perform a basic 
system check confirm and fixedly define the system con 
figuration, as well as initialize the I/O ports and the devices, 
such as RAM, making up the system. Messages or the like 
are delivered, as required, to report the system state. Boot 
strap loader 122 is activated by power on processing pro 
gram 121 to load an operating system. After loading, the 
control initiative is usually transferred to the loaded oper 
ating system or the loader contained therein for raising the 
operating system. With restore process starter 14a, however, 
the control is advanced to process start determination pro 
gram 123 to confirm whether processing can be continued. 
If processing is to continue, system state restorer 15 is 
activated either directly or after receiving an instruction 
from the user for confirmation. 

For determining the continuity, process start determina 
tion program 123 checks whether the system state has been 
saved by system state saver 13. System state restorer 15 can 
be activated either after waiting for confirmation by the user 
or without conditions. Whether to continuously execute the 
processing is determined by the user in the former case, 
whereas in the latter the processing runs continuously at all 
tlineS. 

Reference is now made to FIG. 13 in which a restore 
process starter, generally indicated as 14b constructed in 
accordance with another embodiment of the invention is 
provided. A processing start program 131 is provided as one 
of the commands for DOS and runs system state restorer 15 
if the system state has been saved by system state saver 12. 
If the system state has not yet been saved, processing start 
program 131 issues a message or the like to inform the user 
that the system state cannot be restored. 

Reference is now made to FIG. 14 in which a system state 
restorer generally indicated as 15a, constructed in accor 
dance with the invention is provided. System state restorer 
15a includes a hard disk drive 142 which includes a system 
state storage 143. System state storage 143 provides infor 
mation to a system restoring program 141 which provides 
respective outputs to a main memory 144, a CPU status 145 
and I/O status 146. 

System state restorer 15a cooperates with the system state 
saver 12a in pair. When system restoring program 141 is 
activated, the system restoring program reads the system 
state, which has previously been saved by system state saver 
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12a, from system state store region 143 within the hard disk 
drive 142. Thereby the system state such as the contents of 
main memory 144, CPU status 145 and I/O status 146 are 
restored to their respective preceding status. CPU status 145 
is completely restored to its original state in a final step of 
post-restore processor 16, and that state in the final step is 
held as CPU status 145. I/O status 146 is primarily restored 
by system state restorer 15a, but the status may be changed 
in a final step performed by post-restore processor 16. Such 
changes are coordinated by post-restore processor 16 to 
completely restore I/O status 146 to the preceding state. 

Reference is now made to FIG. 15 in which a system state 
restorer, generally indicated 15b, constructed in accordance 
with the invention is provided. System state restorer 15b is 
similar to system state restorer 15a, the primary difference 
being the substitution of a system store file for a system state 
store region. System state restore 15b includes a hard disk 
drive 152 containing a system state store file 153 which is 
read by a system restoring program 151. System restoring 
program 141 then provides an output to a main memory 154, 
a CPU status 155 and I/O status 156 respectively. 
System state restorer 15b cooperates with system state 

saver 12b in pair. When system restoring program 151 is 
activated, system restoring program 151 reads the system 
state, which has been previously saved by the system state 
saver 12b, from system state store file 153 within hard disk 
drive 152. Thereby the system state such as the content of 
main memory 154, CPU status 155 and I/O status 156 are 
restored to the state prior to the power switch turn off. The 
restoring method is the same as utilized by system state 
restorer 15a. As stated in connection with system state saver 
12b, in some cases there are present a plurality of system 
state store files. In such cases, it is required to arrange 
system restoring program 151 for restoring the system state 
that was last saved, or for displaying the list of files to the 
user to prompt selection of any one file. 

Reference is now made FIG. 16 in which a system state 
restorer, generally indicated as 15c, constructed in accor 
dance with the invention is provided. System state restorer 
15c includes a floppy diskette 152 having a system state 
store region 163. Information is read from system state store 
region 163 by a system restoring program 161. This infor 
mation is then transmitted to a main memory 164, a CPU 
status 165 and I/O status 166 respectively. 

System state restoring means 15c cooperates with system 
state saver 12c in pair When system restoring program 161 
is activated, system restoring program 161 reads the system 
state, which has been saved by the system state saver 12c, 
out of system state store region 163 of floppy diskette 162. 
Thereby, the system state including the main memory, CPU, 
and I/O ports are restored in accordance with the contents of 
main memory 164, CPU status 165 and I/O status 166; the 
previous system status. The restoring method is the same as 
that for the system state restorer 15a. 

Reference is now made to FIG. 17 in which a post restore 
processor, generally indicated as 16a, constructed in accor 
dance with the invention is provided. Post restore processor 
16a is a continuation processing program 171. After the 
system state corresponding to the preceding state has been 
stored by the system state restorer 15, the system control is 
advanced to continuation processing program 171. Continu 
ation processing program 171 coordinates a change in the 
system state restored by system state restorer 16 into the 
final state allowing the continuation of processing, as 
required. Continuation processing program 171 then 
advances the control to the program at the point immediately 
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12 
after operation of the save process start detector 11. At this 
time, the system is already restored to the preceding state, so 
that the program which was previously being executed is 
finally run in a continued manner. 

Reference is now made to FIG. 18 in which a post-restore 
processor, generally indicated as 16b, constructed in accor 
dance with the invention is provided Post restore processor 
16b includes a processing select program 181. Processing 
select program 182 selects between one of a continuation 
processing program 183 and a continuation break program 
184. 

Post-restore processor 16b allows the user to instruct 
which type of processing is to be executed, after the system 
state has been restored by system state restorer 15. Post 
restore processor 16b provides two choices as to the pro 
cessing types to be selected. Processing select program 181 
displays for the user the types of processing which may be 
executed after restoring of the system state, and prompts the 
user to select any one of the choices for instructing which 
type of processing is to be executed. If the instruction is 
appropriate, processing determination program 182 executes 
the selected processing program. In an exemplary embodi 
ment, two types of processing are available: 1) restore the 
system to the preceding state for continuation of the pro 
cessing; and 2) discontinue the processing and then return to 
the command mode of DOS. Depending on which choice is 
selected one of continuation processing program 183 or 
continuation break program 184 is executed. 

Continuation processing program 183 is the same as 
continuation program 171 for continuing processing. Con 
tinuation break program 184 returns the processing to the 
usual command mode of DOS. Accordingly, continuation of 
the processing is suspended. 

Each element 11, 12, 13, 14, 15, 16 of the apparatus for 
providing continuity of operation in a computer has been 
defined above. Reference is now made to FIG. 19 in which 
an apparatus for providing continuity of operation in a 
computer constructed in accordance with the invention 
including save process start detector 11b, system state saver 
12a, post-save processor 13a, restore processor 14a, system 
state restorer 15a and post restore processor 16a is provided. 
When a power switch 191 is turned off by the user, a 

switch state port 192, connected to power switch 191 and 
capable of reading the power switch state utilizing a pro 
gram, indicates that power switch 191 has been turned off. 

Simultaneously a system timer 193 sends an interruption 
request signal at predetermined intervals to an interruption 
controller 194, so that interruption controller 194 causes a 
timer interruption during an interruptible state. A timer 
routine 195 is activated in response to the interruption 
request, to carry out the necessary processing such as 
updating of a counter. A power-off detection processing 
program 196 is called by timer routine 195. Power-off 
detection processing program 196 reads switch state port 
192, when it is allowed to detect the power switch state and 
continue the processing. If power switch 191 is turned off, 
power off detection program 196 activates a system saving 
program 197. If power switch 191 is turned on, power off 
detection program 196 returns the control back to timer 
routine 195 to terminate the timer interruption processing. 

System saving program 197 receives inputs from main 
memory 1910, the CPU status 1911, and the I/O status 1912. 
System saving program 197 then outputs the contents of 
main memory 1910, CPU status 1911 and I/O status 1912 
into a system state store region 199 within a hard disk drive 
198. Hard disk drive 198 is an external storage. After 
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completion of outputting a power-off program 1915 is 
activated. Main memory 1910, CPU status 1911, and I/O 
status 1912, contain information defined in connection with 
system state saver 12a. 
A power supply unit 1913 supplies power to the system. 

An electrical power switch 1914 is connected to power 
supply unit 1913 and capable of disconnecting the power 
supply unit 1913 in conjunction with software instructions 
supplied by a power of program 1915. Upon turning off the 
electric power switch 1914 by power-off program 1915 
power supply unit 1913 is disconnected and the supply of 
power to the system is stopped. Thus, the power for the 
system is cut off. 

Next, when the system power is turned on, a power on 
processing program 1916 starts operating to perform a basic 
system check, confirm and fixedly define the system con 
figuration, as well as initialize the I/O ports and the devices, 
such as RAM, which constitute the system. A bootstrap 
loader 1917 is then activated to load an operating system, 
DOS. Subsequently, a process start determination program 
1918 is activated to determine whether the processing can be 
continued. If so, the control is advanced to a system restor 
ing program 1919. 
The system restoring program 1919 reads the system 

state, which has been previously saved by system saving 
program 197, from system state store region 199 within hard 
disk drive 198. Thereby the system state including the 
contents of main memory 1910, CPU status 1911, I/O status 
1912 and the like is restored to the state which existed when 
the power switch was last turned off. The conditions to be 
established in restoring the contents of main memory 1910, 
CPU status 1911, I/O status 1912, and the like are as set forth 
in connection with system state restorer 15. 

In order for system restoring program 1919 to completely 
restore the system state by returning the control to the point 
under the command executed when the power was last cut 
off, i.e. immediately after interruption of timer routine 195, 
without any contradictions, the final system state is coordi 
nated by a continuation processing program 1920 so that the 
control is returned to the state which existed immediately 
after interruption of timer routine 195. In this way, continu 
ation of the processing which has been suspended midway 
by cut off of the power may be achieved. 

Reference is now made to FIG. 20 in which a second 
embodiment of the apparatus for providing continuity of 
operation in a computer is provided. This embodiment of the 
apparatus includes save process start detector 11a, system 
state saver 12b, post save processor 13b, restore processor 
14b, system state restorer 15b and post restore processor 
16a. 
When a power switch 201 is turned off, a power switch 

state detector 202 detects the turning off of power switch 201 
and issues a signal requesting an interruption to an inter 
ruption controller 203 in accordance with the cut off of 
power. Upon receiving the signal, interruption controller 203 
causes an interruption indicating power cut off during an 
interruptible state. In response to the interruption, a power 
off detection program 204 and then a system saving program 
205 are activated. 

System saving program 204 receives information from a 
main memory 208, a CPU status 209 and an I/O status 210. 
System saving program 205 then outputs the contents of 
main memory 208, CPU status 209 and I/O status 2010, in 
the form of a single file, to a hard disk drive 206. This file 
is system state store file 207. Hard disk drive 206 is an 
external storage. A processing select program 2011 is acti 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
vated after completion of outputting. Main memory 208, 
CPU status 209, and I/O status 2010 are structured as 
explained in connection with system state saver 12b. Addi 
tionally, the parameters of concern in handling the file are 
those explained in connection with system state saver 12b. 

After the system state has been saved a process selecting 
program 2011 displays for the user choices for allowing the 
user to select the type of processing to be executed, and then 
waits for an instruction from the user. In this embodiment by 
way of example, there are provided two processing choices: 
1) initialize the system and raise it from the beginning, and 
2) cut off the power. Depending on selection of one of the 
two choices, processing determination program 2012 acti 
vates one of a system initialization program 2013 or a power 
off program 2014. System initialization program 2013 ini 
tializes the system. In practice, the control is advanced to a 
previously prepared initialization routine. Power off pro 
gram 2014 operates an electric power switch 2016 to dis 
connect the power supply unit 2015, so that the supply of 
power to the system is cut off, as with the foregoing 
embodiment. 

Next, the system power is turned on to raise the system 
and activate a processing start program 2017 with the 
command of the operating system, whereupon processing 
start program 2017 in turn activates a system restoring 
program 2018. System restoring program 2018 reads the 
system state, which has been previously saved by system 
saving program 205, from system state store file 207 within 
hard disk drive 206. Thereby the system state including the 
contents of main memory 208, CPU status 209, I/O status 
2010, and the like are restored to the state existing when 
power switch 201 was last turned off. The parameters to take 
into consideration in restoring the content of main memory 
208, CPU status 209, I/O status 2010 and the like are the 
same as set forth in connection with system state restorer 
15b. Also, the parameters to take into consideration includ 
ing a plurality of system state store files are as described in 
connection with system state restorer 15b. 

For system restoring program 2018 to completely restore 
the system state by returning the control to the process step 
just before the command executed immediately before the 
power was last cut off, i.e. immediately after interruption of 
power off detection program 204, without any contradic 
tions, the final system state is coordinated by a continuation 
processing program 2019. In this way the control is returned 
to the state which existed immediately after interruption of 
power off detection program 204. 

While various embodiments of the present invention have 
been described above, it will be understood and taken into 
account that even in light of the practical implementations of 
the respective elements and the combinations thereof that 
there still exist many other embodiments of the present 
invention, in addition to the illustrated embodiments. For 
example, the external storage need not be limited to hard 
disk drives and floppy disk drives, but may include IC cards, 
compact disk drives, tapes, or the like. The system state to 
be saved can be determined dependent on the need for being 
reduced in the amount thereof. 

In any of these embodiments, the present invention can 
provide an inexpensive and reliable continuity device for 
computers, which is necessitated to fully take advantage of 
the portable nature of small-sized, battery driven computers 
which are likely to become more commonly used in future, 
thereby making it possible to improve performance and 
convenience of that computer type. 

It will thus be seen that the objects set forth above, among 
those made apparent from the preceding description, are 
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efficiently attained and, since certain changes may be made 
in carrying out the above method and in the constructions set 
forth without departing from the spirit and scope of the 
invention, it is intended that all matter contained from the 
above description or shown in the accompanying drawings 
shall be interpreted as illustrative and not in a limiting sense. 

It is also to be understood that the following claims are 
intended to cover all of the generic and specific features of 
the invention herein described and all statements of the 
scope of the invention which, as a matter of language might 
be said to fall therebetween. 
What is claimed is: 
1. An apparatus for providing continuity of operation in a 

system which exhibits a system condition and which per 
forms a process, the system including a CPU, at least one 
input/output device, a main memory for storing data and a 
power supply for powering said system, said apparatus for 
providing continuity comprising: 

save process start detecting means operatively coupled to 
the system for detecting a demand to begin a save 
process and producing a demand signal; 

external storage means for storing data representing the 
condition of the system; 

system state saving means operatively coupled to said 
external storage means, CPU, input/output device, 
main memory and save process start detecting means 
for receiving a CPU status corresponding to the status 
of said CPU at the time of said demand, an I/O status 
corresponding to the status of said input/output device 
at the time of said demand and the data in said memory, 
wherein the CPU status, I/O status and data represent 
said system condition at the time of demand, and 
transferring said system condition to said external 
storage means and storing said system condition as a 
system state restore file in said external storage means 
in response to said demand signal; and 

post-save processing means operatively coupled to said 
system state saving means for performing processing 
after said system state saving means has completely 
output said system condition to said external storage 

aS. 

2. An apparatus for providing continuity of operation in a 
system which exhibits a system condition and which per 
forms a process, the system including a CPU, at least one 
input/output device, a main memory for storing data and a 
power supply for powering said system, said apparatus for 
providing continuity comprising: 

save process start detecting means operatively coupled to 
the system for detecting a demand to begin a save 
process and producing a demand signal; 

external storage means for storing data representing the 
condition of the system; 

system state saving means operatively coupled to said 
external storage means, CPU, input/output device, 
main memory and save process start detecting means 
for receiving a CPU status corresponding to the status 
of said CPU at the time of said demand, an I/O status 
corresponding to the status of said input/output device 
at the time of said demand and the data in said memory, 
wherein the CPU status, I/O status and data represent 
said system condition at the time of demand, and 
transferring said system condition to said external 
storage means and storing said system condition as a 
system state restore file in said external storage means 
in response to said demand signal; 

post-save processing means operatively coupled to said 
system state saving means for performing processing 
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after said system state saving means has completely 
output said system condition to said external storage 
means, 

said input/output device including a keyboard, said key 
board including a keyboard data buffer; and 

keyboard data reading means for reading data in said 
keyboard data buffer, said keyboard data reading means 
being operatively coupled to said save process start 
detecting means to indicate a demand to begin a save 
process input by a user of said keyboard. 

3. An apparatus for providing continuity of operation in a 
system which exhibits a system condition and which per 
forms a process, the system including a CPU, at least one 
input/output device, a main memory for storing data and a 
power supply for powering said system, said apparatus for 
providing continuity comprising: 

save process start detecting means operatively coupled to 
the system for detecting a demand to begin a save 
process and producing a demand signal; 

external storage means for storing data representing the 
condition of the system; 

system state saving means operatively coupled to said 
external storage means, CPU, input/output device, 
main memory and save process start detecting means 
for receiving a CPU status corresponding to the status 
of said CPU at the time of said demand, an I/O status 
corresponding to the status of said input/output device 
at the time of said demand and the data in said memory, 
wherein the CPU status, I/O status and data represent 
said system condition at the time of demand, and 
transferring said system condition to said external 
storage means and storing said system condition as a 
system state restore file in said external storage means 
in response to said demand signal; and 

post-save processing means operatively coupled to said 
system state saving means for performing processing 
after said system state saving means has completely 
output said system condition to said external storage 
means, said post-save processing means including 
means for selecting one of a continuation process, a 
system initialization process and a power off process. 

4. An apparatus for providing continuity of operation in a 
system which exhibits a system condition and which per 
forms a process under the command of DOS, the system 
including a CPU, at least one input/output device, a main 
memory for storing data and a power supply for powering 
said system, said apparatus for providing continuity com 
prising: 

save process start detecting means operatively coupled to 
the system for detecting a demand to begin a save 
process and producing a demand signal; 

external storage means for storing data representing the 
condition of the system; 

system state saving means operatively coupled to said 
external storage means, CPU, input/output device, 
main memory and save process start detecting means 
for receiving a CPU status corresponding to the status 
of said CPU at the time of said demand, an I/O status 
corresponding to the status of said input/output device 
at the time of said demand and the data in said memory, 
wherein the CPU status, I/O status and data represent 
said system condition at the time of demand, and 
transferring said system condition to said external 
storage means and storing said system condition as a 
system state restore file in said external storage means 
in response to said demand signal; 
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post-save processing means operatively coupled to said 
system state saving means for performing post-save 
processing after said system state saving means has 
completely output said system condition to said exter 
nal storage means; 

restore means for restoring said system condition from 
said external storage means, and 

post restore means for selectively discontinuing the 
restored process and then returning to the command of 
DOS. 

5. An apparatus for providing continuity of operation in a 
system which exhibits a system condition and which per 
forms a process, the system including a CPU, at least one 
input/output device, a main memory for storing data and a 
power supply for powering said system, said apparatus for 
providing continuity comprising: 

save process start detecting means operatively coupled to 
the system for detecting a demand to begin a save 
process and producing a demand signal; 

external storage means for storing data representing the 
condition of the system; 

system state saving means operatively coupled to said 
external storage means, CPU, input/output device, 
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main memory and save process start detecting means 
for receiving a CPU status corresponding to the status 
of said CPU at the time of said demand, an I/O status 
corresponding to the status of said input/output device 
at the time of said demand and the data in said memory, 
wherein the CPU status, I/O status and data represent 
said system condition at the time of demand, and 
transferring said system condition to said external 
storage means and storing said system condition as at 
least one system state restore file in said external 
storage means in response to said demand signal; 

post-save processing means operatively coupled to said 
system state saving means for performing processing 
after said system state saving means has completely 
output said system condition to said external storage 
means, and 

restoring means for displaying a list of said system state 
restore files for restoring said system condition from 
said external storage means to prompt selection of any 
one file. 


